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Abstract
Though once prolific across the continent, the rainforests of Australia have receded to a fraction of their origi-

nal extent. In Victoria, rainforests account for as little as 0.14% of the state, and a disproportionately large

number of species are found within them. As rainforests are found where temperatures are mild and rainfall is

consistent and high, the prospect of a changing climate threatens their structure, function, and possibly their

existence. This desktop study investigated climate predictions based on various emissions scenarios, and com-

pared them to current characteristics and requirements of Victorias cool temperate rainforests to determine

the impact they could have on these forests, particularly the most iconic species found within them, such as

Alherosperma moschatum Labill. c I.abill. and Nothofagus cummghnmii (Hook.) Oerst, which may be most at

risk to the effects of climate change, particularly fire. The study explores the impact a changing climate may
have on the rainforests of Victoria and focuses on some key canopy species ot cool temperate rainforest. It also

brings into light the need for more research into climate change in conjunction with other key ecosystem fac-

tors such as soil type, elevation and human disturbance. (7 he Victorian Naturalist 131(6), 2014, 209-218)

Key words: Climate change, cool temperate rainforest, Nothofagus cunninghamii, Atherosperma
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Introduction

The roots of today’s rainforests have been traced

back to when Australia was part of the Gond-

wanan super-continent (100 mya) (Peel 1999).

At that time, most of Australia was covered by

rainforest. Since then, however, the distribu-

tion and dominance of rainforest has varied

as Australia broke free of the super-continent

and underwent numerous climatic changes

(Beadle 1981). It is thought that the Australian

continent moved 30° of latitude north during

the Cretaceous and Tertiary, causing significant

climatic changes (Beadle 1981). The ancient cli-

matic regime to which rainforests were adapt-

ed, i.e. dependable, high rainfall and low fire

frequency, is now rare and Australia’s rainfor-

ests have receded to isolated, protected patches

(Peel 1999).

Rainforests can be defined according to rain-

fall, atmospheric conditions, soil and local to-

pography. For the purpose of this article, a rain-

forest is characterised by a closed tree canopy

that distinguishes it from other vegetation in

areas of high rainfall, generally comprises many
taxa and, perhaps most significantly, has cano-

py species with the ability to regenerate without

the need for broad -scale disturbance (Busby

and Brown 1994).

Five main types of rainforest occur in Victoria.

Cool temperate rainforest occurs in the Otway

Ranges, Wilsons Promontory, the Strzelecki

Ranges, the Central Highlands and some parts

of East Gippsland (Peel 1999). At lower eleva-

tions, the gradient from cool temperate rain-

forest to tall eucalypt forest includes a 'mixed’

ecotone of cool temperate mixed forest. This

blurred boundary from one vegetation type to

another is unique in itself; it is characterised by

an understorey of rainforest species with a eu-

calypt canopy (Busby and Brown 1994). Warm
temperate rainforests are floristically rich and

are most common east of the Mitchell River in

East Gippsland, although other communities

may be found in the Strzeleckis and at Wilsons

Promontory (Peel 1999). Gallery rainforest is

found in river valleys of East Gippsland, and

dry rainforest, the least common of the five

Victorian rainforest types, is found only in

areas east of the Mitchell River and, due to its

habitat, is relatively removed from fire danger

(Peel 1999).

Rainforests occur as far west as Cape Otway
and reach into the far corners of East Gippsland.

They occupy less than 0.14% of Victoria, yet a

disproportionate number of rare or threatened

species may be found within them (Peel 1999).
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They have high levels of biodiversity, are valued

for their water provision and are becoming in-

creasingly more important for carbon capture

and storage (Mndenmayer et ai 2011; Mackey
et al. 2008). With this knowledge, it makes the

need to protect them an even greater priority;

however, climate change is a looming threat to

the viability of rainforests in the future.

The distribution, health and abundance of

Australian vegetation depend on consistencies

in temperature, rainfall, fire regime and soil fer-

tility as well as other factors (Beadle 1981). It is

predicted that climate change will significantly

alter three of these four parameters. Tempera-

tures are predicted to continue to rise, annual

rainfall will decrease and extreme weather

events such as fire will increase in frequency

and intensity (VCC 2008). Victorias rainfor-

ests are particularly sensitive to such changes in

the environment; key rainforest species such as

Atherosperma moschatum Labill. c Labill. have

low photosynthetic tolerance in high tempera-

tures (Read and Busby 1990). Fire and climate

are strongly correlated with the geographical

limits of the prominent rainforest canopy spe-

cies Nothofagus cunninghamii (Hook.) Oerst

(Busby 1986). What will become of Victorias

rainforests?

In 2008, the Victorian Government released

a summary of climate change predictions for

Victoria prepared by CSIRO. This summary
predicts that Victoria will become warmer and

drier in the near future as a result of climate

change. Victoria will experience more rapid

warming than global trends, with a predicted

temperature increase of 0.8°C per annum by

2030 (VCC 2008). The number of hot days will

increase in frequency and intensity, more so

in inland regions than coastal regions (VCC
2008a). Annual rainfall is expected to decrease

by 4%by 2030 and 6%by 2070 (VCC 2008). Not

only will the state become drier, but drought

risk will increase by 10-80% by 2070 due to

enhanced evaporation (VCC 2008a). Perhaps

most threatening to Victorias rainforests will

be the predicted increase in fire frequency and

intensity due to climate change. The warmer,

drier climate will result in a greater number of

extreme fire danger days. By 2020, the number
of extreme fire days is estimated to increase by

5-40%, relative to the climate of 1974 to 2003

(VCC 2008). Under a low-emissions scenario,

by 2050, the number of fire days may increase

from 15-25% but under a higher-emissions

scenario the risk of extreme fire danger days

may increase by a staggering 120-230% (VCC
2008). This is grim news for Victoria, and espe-

cially for its unique rainforests. Some areas will

be more at risk than others; for instance with

the varying predictions for coastal versus in-

land sites, the rainforest of the Otways may be

less affected than the rainforest of the Central

Highlands.

The effect of climate change on the rainfor-

ests of Victoria

The summary of predictions for climate change

in Victoria divides the state into ten main re-

gions (VCC 2008). Climate change will affect

different parts of the state to different degrees

and in varying ways. The five different rainfor-

est types found across the state have different

requirements and tolerances for rainfall, fire

frequency and temperatures. Therefore, the

impacts of climate change on Victoria’s rainfor-

ests will vary not only according to the specific

requirements of the rainforest type itself, but

also with regard to its locations throughout the

state.

Each rainforest type found in Victoria will

experience raised temperatures and reduced

rainfall by 2030 and 2070 compared to current

levels; while cool temperate rainforest is found

in more regions than any other rainforest type,

curiously, it has more restricting climate limi-

tations than other rainforest types. This means

that changes in climate will significantly affect

cool temperate rainforests. By 2030, cool tem-

perate rainforests across the state may experi-

ence temperature increases averaging 0.8°C pet-

year; and 3.6% less rainfall than current levels.

The higher emission scenario for 2070 could

see temperature rises in areas of cool temper-

ate rainforests as high as 2.6°C per annum; and

10.6% less rainfall than present-day levels (Ta-

ble 1).

To compare the effect climate change will have

on temperatures and rainfall levels in the near

future with regard to the rainforests of Victoria,

the differences between current levels and pre-

dicted levels are expressed in percentage form

in Table 2. In 2070, gallery and dry rainforests
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Table 2. The percentage differences in average temperatures and annual rainfall across Victorias rainforest

types according to lower emissions scenarios for 2030 and 2070 for the state of Victoria.

Rainforest type

Average Temperature
Increase by %

Average difference in

annual rainfall by %
2030

Winter Summer
2070

Winter Summer
2070

Lower emissions

Cool temperate rainforest 23 7 39-74 12-23 -28

Cool temperate mixed forest 23 7 39-74 12-23 -30

Warmtemperate rainforest 25 7 44-86 12-24 14

Gallery rainforest 35 7 61-117 13-21 20

Dry rainforest 35 7 61-117 13-21 23

may experience winter temperature increases of

61% above current temperatures under a lower

emissions scenario whereby CO2 emissions in-

crease until 2040, at which point they decline

(VCC 2008). This is the minimum increase we
can expect in 2070. Other rainforest types will

experience an increase of about 40-44%. In

summer, all rainforest types will experience a

12-13% temperature rise from current-day lev-

els (Table 2).

Rainforests are characterised by fairly de-

pendable temperature and rainfall thresholds.

Cool temperate rainforests and cool temper-

ate mixed forests currently require high to

very high annual rainfall of 1200-2000 mm
(Peel 1999). Warm temperate, dry and gallery

rainforests require moderate to high levels of

annual rainfall of 716-1200 mm(Peel 1999).

Based on lower emissions scenario predictions

for 2070, dry, gallery and warm temperate rain-

forest will be sitting well within the thresholds

of their annual rainfall requirements (Fig. 1).

Cool temperate rainforest and cool temperate

mixed forest, on the other hand, will receive be-

tween 28 and 30% (on average) less than their

minimum annual rainfall requirement (Fig. 1).

Changing fire regimes

Dry rainforest resists fire due to its location,

while the proximity to fire-shielding land-

scape elements like estuaries or lakes often

protects warm temperate rainforests from fire

(Peel 1999). Unlike dry and warm temperate

rainforest, the fire resistance of cool temper-

ate rainforest is dependent on impermanent

defences such as temperature and moisture

levels, which make them the most vulnerable

to climate change. Cool temperate rainforests

form a closed canopy after long periods with-

out disturbance, which then serves to foster a

humid interior that not only keeps the forest

moist, but also aids in the rapid decomposition

of fine fuels (Busby and Brown 1994). Should

rainfall levels fall and temperatures rise, this

protective humidity eventually will decline,

fuel loads will increase and any lichen-covered

stags that stand in the forest will dry out, mak-

ing them a flammable opening in the canopy

(Busby and Brown 1994). As rainforests are

characterised by long periods without fire, and

since it appears that the cool temperate rain-

forests of Victoria will be most at risk of fire in

the not-too-distant future, the potential effects

of climate change on cool temperate rainforests

are further examined here.

Cool temperate rainforest occurs in areas

where fire-free intervals are greater than 400

years (Peel 1999), but with the risk of fire in

Victoria predicted to increase by 15-70% in

2050, such long intervals may become a thing

of the past (Table 3). Indeed, fire frequency in

the Central Flighlands of Victoria is already

higher than that of the last century (Linden-

mayer et at. 2011), and one of the largest areas

of cool temperate rainforest and cool temperate

mixed forest occurs in this region.

Should fire threaten areas in which cool tem-

perate rainforests occur, it is predicted that a

positive feedback system will begin wherein

with each fire comes greater risk of more fire

until, eventually, what we now define as cool

temperate rainforest in these key areas will

become sclerophyll forest. Once the normally-

closed canopy of a cool temperate rainforest

is penetrated by fire, it is recolonised by more

fire-prone and also more fire-tolerant species

such as Acacia and Eucalyptus. This is known
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Fig. 1. Average divergence (percentage) from minimum annual rainfall requirement for rainforests of Victoria

under a lowere emissions scenario in 2070.

as a landscape ‘trap; ecosystem modification

occurs to an almost entirely irreversible extent

due to natural and anthropogenic disturbances

causing a series of feedback processes (Linden-

mayer et al 2011). As previously mentioned,

the effects of climate change will threaten the

resilience systems of the cool temperate rain-

forest by reducing humidity, increasing fuel

loads and increasing temperatures.

Inland regions such as the North East,

Strzeleckis, Central Highlands and parts of East

Gippsland are more at risk than coastal rainfor-

est areas such as the Otway Ranges and Wil-

sons Promontory. The inland rainforest of the

Central Highlands, for instance, has coexisted

with fire for the last 40 millenia, however the

most recent 2500 years has seen fire frequency

and intensity increase (Baker et al. 2012). Every

century, one or two high- intensity crown fires

would disturb the rainforest but the damage
would be minimal. This is due to the damp and
humid resilience of the rainforest and the adja-

cent Eucalyptus regnans F.Muell. forest towering

above the rainforest canopy (Raker et al. 2012).

A high- intensity crown fire in neighbouring

E. regnans forests affords some protection in

that the crown fires will travel slowly and with

reduced heat energy toward the crowns of the

rainforest species as they stand much shorter

than the giant eucalypts (Baker et al 2012). De-

spite these protective mechanisms, in 2009 47%
of the cool temperate rainforest in the Central

Highlands of Victoria was burnt (Worley 2012).

This suggests that the rainforests ability to pro-

tect itself from fire was reduced due to the in-

tensity and extreme conditions of the burn. In

fact, 8.5% of Victorias cool temperate rainfor-

ests were burnt in the 2009 fires, with 50% of

the fires classed as severe* (Worley 2012). Not
only has the intensity of fires increased, the

occurrence of major bushfires in Victoria has

steadily become more frequent since the 1850s.

From 1850 to 1900, Victoria experienced an av-

erage of 0.4 major bushfires per decade; from
1900 to 1950, this jumped to an average of 2.4

major bushfires per decade and from 1950 to

2000 the frequency increased again to an aver-

age of 3.4 major bushfires per decade (Bryant

2009).

Vol 131 (6) 2014 213
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melanoxylon moschatum obliqua cunninghamii antarctica

Key rainforest species of CTR

Fig. 2. Average divergence (percentage) from minimum annual rainfall requirement for key rainforest species.

Key species of cool temperate rainforests

To get a better understanding of the effects cli-

mate change will have on cool temperate rain-

forest, it is important to study the key canopy

species that constitute the forest. The restric-

tions on distribution, required versus predicted

rainfall parameters and fire adaptations of each

species, give key insights into how climate

change and broad -scale disturbance, such as

fire, may affect each species, and the implica-

tions this will have for cool temperate rainfor-

ests (Table 4).

In 2070, at lower emissions predictions, Aca-

cia melanoxylon R.Br. and Eucalyptus obliqua

L’Her. will receive annual rainfall that sits well

above their minimum requirements; 76%above

minimum required annual rainfall in the case

of Eucalyptus obliqua . By contrast, Atherosper-

ma moschatum , Nothofagus cunninghamii and

Dicksonia antarctica Labill. will all receive less

rainfall than their current lower thresholds (Ta-

ble 4; Fig. 2).

Acacia melanoxylon and Eucalyptus obliqua

are both well adapted to fire and neither spe-

cies is restricted to cool temperate rainforest or

to Victoria. Therefore, should a fire occur, these

two species are likely to persist and become
dominant in the sclerophyll forest that will

eventuate with climate change and increasing

fire frequency.

Atherosperma moschatum and Dicksonia ant-

arctica are both found in multiple regions as

well as beyond Victoria (RBG 2012) and nei-

ther is restricted to cool temperate rainforest.

Where they occur on coasts, they may be at

lower risk to fire but may become less domi-

nant in inland rainforests. A. moschatum does,

however, have foliage with low flammability

due to high moisture and low energy content;

studies show that its leaves do not combust un-

til >60% of moisture content is lost (Baker et al.

2012). This is in contrast to the leaves of many
eucalypt species that will ignite when <40-50%

of moisture has been lost (Baker et al. 2012).

A key dominant species of Victorias cool tem-

perate rainforests is Nothofagus cunninghamii .

This species is restricted to habitats in Victoria

and Tasmania. It has some adaptation to fire in

its fire-responsive coppice shoots and may have

bursts of regrowth after a fire with reproduc-

tion occurring either sexually or vegetatively

(Howard 1981; Baker et al 2012); however,
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once a stand of Nothofagus is broken up by a

fire, the remaining trees no longer have the pro-

tection of moisture, low temperatures and lim-

ited fuel on the forest floor that the dominant
stand had, and are less resistant to the damag-
ing effects of fire (Howard 1981). In the Central

Highlands in the 2009 fires, the individuals of

N. cunninghammi that grew in low numbers as

understorey to E. regncms or in small patches of

rainforest were all killed; Pappas (cited in Baker
et al. 2012: 187) noted that rainforest taxa did

not survive the fires unless they occurred in

strips of rainforest that were 50 metres wide or

more (Baker et al. 2012). These examples dem-
onstrate that the resilience of the species is not

necessarily found in the individual. Tine dam-
aged stand is then likely to burn again, which
will continue the process of degradation. Once
this positive feedback loop has begun, the fate

of the species is compromised.
It is predicted that Nothofagus curminghamii

will be receiving 25% less rainfall than its mini-

mum annual requirements. Tine inability of

Nothofagus to adapt to lower rainfall levels that

came about in the Tertiary period, between 65
and 18 mya, confined it to cooler, wetter areas;

so it is predicted that by 2070, the species will

be forced to retreat once again to residual ar-

eas that are only a fraction of its current extent.

Nothofagus cunninghamii also requires water,

gravity and animals to transport its seeds rather

than far-reaching wind or invertebrate vectors

(Baker et al. 2012). It may persist in Tasmania
and in the coastal sites of Victoria, but there

is a high possibility that it will recede from its

current locations in the inland Strzeleckis and
Central Highlands, especially considering its

limited dispersal mechanisms.

Conclusion

Factors such as slope, topographic position and
competing vegetation must be considered to

formulate a more comprehensive prediction of
the effects climate change may have on the rain-

forests of Victoria (Lindenmayer 2009); howev-
er, it is still possible to predict the likely fate of
Victorias rainforests based on climate change
predictions for 2030, 2050 and 2070.

Should fire, the risk of which is increased by
climate change conditions, become more fre-

quent and intense throughout Victoria, cool

temperate rainforest will be greatly impacted.

The dominant canopy species of Victorian

cool temperate rainforests, Nothofagus cun-

ninghamii, will be most at risk. Due to climate

change, it will experience high water stress and
be most susceptible to accumulated effects of

increased fire events.

Rainforests, compared to other vegetation

types of Australia, are relatively persistent; with

the predicted temperature, rainfall and fire re-

gime changes resulting from climate change
and continued degradation by humans, Victo-

rias rainforests may be very different by 2070.
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One Hundred Years Ago

Plant distribution in the Healesville District

BY REGINALDKELLY

Eucalyptus obliqua is veritably a messmate to all those mentioned, being found in association with them,
and usually the dominant partner, from the lowest to the highesL ground. It is found on the river banks,
sometimes hanging over the water in almost willow-like form, and at the tops of the mountains as a straight -

trunked, magnificent timber tree.

From The Victorian Naturalist XXXI, p. 58, August 6, 1914

218 The Victorian Naturalist


